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Background: Sedentary occupations have increased by more than 10% in Western countries over the last two decades, and the yearly global cost of physical inactivity has been estimated to be $53.8 billion. As workers tend to move less in the workplace, they are more likely to develop a sedentarism-related chronic condition and to be absent from work due to illness, although research evidence on the issue remains unclear.

Aims: To investigate associations between physical activity (PA) and sickness absenteeism in the workplace among Spanish university workers. 

Methods: We conducted cross-sectional research with data from 1025 workers aged 18 to 65 (43% women)from a Spanish university. Physical Activity Vital Sign (PAVS) and International Physical Activity Questionnaire (IPAQ) short versions were used to evaluate levels of PA. Workplace absenteeism was self- reported by participants. Written questionnaires distributed during medical checks included PAVS, IPAQ and the question about absenteeism among other information. The association between PA and sickness absenteeism was examined using adjusted multiple linear regression. 

Results: After adjusting for age, sex, job function, chronic conditions, sedentarism and smoking, each weekly hour of PA reduced sickness absence by -1.20 (95% CI:-2.40 to 0.00) days per year.

Conclusions: The implementation of PA promotion strategies aimed at university employees may lead to a reduction of days off work due to illness. 








While overall world trends in physical activity (PA) have remained mostly unchanged between 2001 and 2016, the population living in high-income countries and reaching World Health Organization (WHO) recommendations on PA [1], has decreased by more than 10% over the same period [2]. Even more concerning, a decreasing trend of 7% less cardiorespiratory fitness in the last five decades within high- and upper-middle-income countries has been recently found [3]. Also, jobs tend to be more sedentary in Western countries as current occupations involve more technological and engineering issues and less physical labour [4]. Although hard physical labour can also be detrimental to health [5], a completely sedentary lifestyle is hazardous to health as well. Thus, meeting the recommended guidelines of PA is of uttermost importance for public health. 
As a result of the new landscape, the health of the workers in Western countries could be declining as low levels of PA are associated with non-communicable diseases such as several types of cancer, type II diabetes, cardiovascular diseases and poor mental health [6–8]. Not only is this a matter of health, but also an economic issue as low levels of PA cost the health-care systems in 2013 approximately $53.8 billion worldwide, of which high-income countries bear most of the burden, and $13.7 billion in productivity losses [9]. 
Owing to their loses, companies and governmental institutions have been developing a wide range of measures to tackle associated productivity cost, some of which involve workplace policy changes, provision of counselling, computer-based interventions, individual-focused interventions, multi-component interventions, environmental changes or PA intervention aiming at work-ability, presenteeism or absenteeism [10,11]. 
Encouraging employees to be more physically active may be an effective strategy to improve health and reduce workplace sick-leave among white-collar workers [12,13], although current research remains inconclusive because measurement tools and data collection are usually quite heterogeneous and thus difficult to compare among studies [14]. As most of the observational workplace research and interventions are separately focused on occupational, leisure or commuting PA [14] little is known about the overall effect of PA on absenteeism due to illness. Moreover, interventions to reduce either health-related problems in the workplace or sick-leave are usually focused on mental disorders and musculoskeletal pain, which are two of the main reasons behind long-term absence from work [15]. University workers from the present study had access to several sports facilities such as indoor football fields and basketball courts, outdoor football fields and athletic tracks, gyms and fitness programmes of all campuses. Further, university policies encourage their employees to be more physically active subsidising a part of the tuition for those fitness programmes offered through the sports service of the university. 
Therefore, the present study aimed to address current gaps in research through utilising a workforce dataset to investigate the association between overall PA and workplace absenteeism due to illness considering possible confounders such as age, gender, job role, sedentarism or disease condition. Based on the current research, we hypothesised that there could be an inverse association between sick leave and overall PA levels among university workers. 

Methods
The sample consisted of university workers from a Spanish university, ranked as the highest skill requirement, i.e., skill level 4, ISCO groups number 2 by the International Standard Classification of Occupations [16]. Academic staff included research fellows, associate lecturers, lecturers, senior lecturers, readers and full professors from all faculties and departments, whereas service staff included university employees from all campuses and a wide range of areas including administrative and technical staff. The study obtained the approval of the Aragonese Ethics Research Committee (CEICA; Identification Code PI18/027).
All data were de-identified and investigated anonymously. University staff who got the voluntary university medical check and completed a medical questionnaire from January 1, 2018, to December 31, 2018, in any of the seven available medical centres, were included in the sample. A total of 1205 workers had a medical examination during that period. Of those, 180 refused to complete the questionnaire due to different reasons (e.g. lack of time or confidentiality). Therefore, 1025 employees, including academic and service staff from all campuses, agreed to complete the questionnaire, which contained questions about all the variables investigated in the present study. Medical examinations took place individually after arranging an appointment. The medical personnel (i.e. a general practitioner or a nurse) informed those workers who attended to medical examinations about the possibility to self-complete a questionnaire while waiting for the examination in the waiting room. Participants were encouraged to ask the medical personnel solely if they did not understand the meaning of any question from the questionnaire. All questionnaires were anonymous, allocated in medical centres and supervised by medical personnel during medical checks (i.e. the medical staff was required to assist only if the participants had any doubt on how to interpret any question from the questionnaire). 
Participants were provided with a participant information sheet and were asked to provide explicit written consent before data were collected. 
The Physical Activity Vital Sign (PAVS) short version [17] and the International Physical Activity Questionnaire (IPAQ) short form [18] were used to estimate PA levels. The PAVS questionnaire was used to estimate weekly minutes of PA, which is its primary aim, whereas IPAQ was used to categorise PA into different subgroups regarding METS (low, moderate and high). PAVS consisted of two questions asking about the number of days and minutes an individual usually takes part in PA in a regular week. Workers could select among 0,1,2,3,4,5,6 or 7 days of PA a week and 10,20,30,40,50,60,90 and 150 or more minutes each day. Weekly minutes of PA were calculated by multiplying days with minutes and later categorised into those participants who reached the WHO recommendation of 150 weekly minutes of PA and those who did not. PAVS has been previously compared with accelerometry, showing a moderate agreement among clinic administrative staff (Cohen´s κ=0.46, P<0.001) [19]. 
IPAQ short-form estimates PA frequency (in days per week), duration (hours and minutes per day), intensity (moderate or vigorous), walking (frequency and duration) and sedentarism (daily sitting time in minutes) over the previous seven days. IPAQ has been validated in adult populations from different countries showing acceptable validity (ρ=0.30, 95% CI: 0.23-0.36) and reliability (Spearman’s ρ=0.81, 95% CI: 0.79-0.82) [18]. According to IPAQ guidelines, groups regarding levels of PA were categorised into low (less than 600 MET minutes a week), moderate (between 600 and less than 3000 MET minutes a week) and high (3000 MET minutes a week or more).
Estimations over absenteeism due to illness were made through a question included in the university written medical questionnaire: “How many days were you off from work due to health reasons during the last twelve months?”. Possible answers ranged from 0 to 249 (i.e. the maximum number of working days in Spain). As there were a high number of job roles reported, the job role variable was categorized into three possible groups in the questionnaire; academic staff, service staff or both. Employees were asked if they had any specific chronic condition through the following question: “Mark with an X if you usually suffer from any of the following conditions”, and possible choices comprised none, one or more of these chronic conditions: “high blood pressure”, “diabetes”, “overweight”, “high cholesterol” or “atherogenic index of plasma”. The method of obtaining the list of chronic medical conditions was based on the suggestions of the university medical staff and on previous studies about this topic; diabetes, overweight, sedentariness, and hypertension have been associated with sickness absence or health risk factors [20–22].  Particularly, high cholesterol and the atherogenic index of plasma have been associated with other cardiovascular risk factors among university workers [23]. Employees’ smoking status was estimated by a direct question included in the questionnaire with response options; yes, no. 
Statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL). Stratified descriptive statistics of PA and absenteeism were computed for all categorical variables, whereas normality of the continuous variables was verified using a Kolmogorov-Smirnov test. To check differences within categorical variables with two groups a Student´s t-test for independent samples was implemented, whereas one-way ANOVA was computed for those categorical variables presenting more than two groups. 
Multiple linear regression analyses adjusted for pre-specified covariates was used to investigate associations between PA and workplace absenteeism due to health-related causes. Levels of significance were set at P <0.05. The PA variable was further categorised into those reaching PA WHO guidelines for adults and those who do not to examine possible relationships. We excluded missing values for data analyses. 
Due to confidentiality reasons, the age variable was previously categorised into four possible answer groups in the questionnaire.

Results
Participants in the present study represented 17% of all employees contractually linked to the university under study during 2018. A total of 1025 university employees (age 18 to 65 years) out of 1205 who had the medical examination returned the medical questionnaire (85%). Overall 438 out of 3194 women (14%) and 399 out of 3012 men (13%) from the university staff participated in the study. A total of 513 (13%) members of the academic staff and 339 (19%) employees from the service staff participated in the study. Among the participants, 55% wholly (n=558) and 45% partly (n=467) completed the questionnaire. 
Table 1 shows participant characteristics regarding PA and sickness absenteeism. Concerning PAVS, men had more weekly minutes in PA than women (186.8 ± 173.1 vs 150.8 ± 116.7; P<0.001), and differences among age groups were significant (P<0.001). 
Regarding workplace absenteeism, significant differences among categories concerning job role (P<0.05), chronic disease condition (P<0.05), WHO guidelines (P<0.01) and categorised IPAQ (P<0.05) were detected. Sickness absenteeism increased with age, whereas service staff showed higher levels of absenteeism than academic staff (13.0 ± 43.6 vs 7.3 ± 23.6). Those with chronic illness had a higher frequency of absenteeism (13.2 ± 37.9 vs 7.9 ± 28.2) and workers following PA WHO guidelines had fewer days absent from work due to illness (6.6 ± 33.7 vs 12.9 ± 32.2). 
Table 2 shows different multiple linear regression models involving PA, absenteeism and other possible confounders such as age, gender, job role, smoking habit, chronic condition and sedentarism. The crude model is the one which offers the highest reduction in absenteeism (β=-0.02, 95% CI; -0.04 to -0.01) and the more significant P value (P<0.001). When adjusting for gender and age, the β value decreases to -0.02 (95% CI; -0.04 to 0.00). Model 2, which considers job role variable, and model 3, adding chronic condition and smoking habit variables varies absenteeism less than model 1. After adjusting for all investigated variables (model 4), absenteeism inversion association with PA results in a significant difference (P<0.05). When adjusting by all confounders, each weekly minute of PA lowers workplace absenteeism annually by -0.02 (95% CI; -0.04 to 0.00) days. 

Discussion
In the present sample of Spanish university employees, higher levels of PA were associated with fewer reported days off work due to absenteeism, after statistical adjustment for important potential confounding variables. However, no association between sedentary time and absenteeism was found. 
Estimates from the present study suggest that one average additional minute of PA a week lowers annual days an employee would be absent from work owing to sickness by -0.02 days. It means that each weekly hour of PA may reduce annual workplace absenteeism by one day and a half per year. Those employees reaching 150 weekly minutes of PA could get a sick-leave reduction of 3 days a year. 
Common illnesses such as colds and flu, musculoskeletal pain and mental disorders were the leading causes of sick leave among the investigated university staff.
Our finding that there is an inverse association between PA and absenteeism due to sickness in white-collar workers has been previously reported [12,13], but this study adds findings in a large sample of highly-qualified workers. As several studies highlight the importance of sociodemographic characteristics when explaining population differences in PA levels [24], a high level of qualification could explain why university workers’ PA levels are higher than those found in general adult populations from European countries [25]. 
A key barrier to the implementation of successful PA strategies into the workplace is a lack of managerial “buy in” owing to limited knowledge on how such strategies will impact on the workforce productivity [26]. Therefore, figures about absenteeism might be a useful way to demonstrate the tangible benefits of PA strategies for institutions and companies. According to the results of this study, reaching PA WHO guidelines for adults could lead to a reduction in absenteeism of more than three days a year in white-collar workers, which would produce cost savings for either companies or national health services. Tolonen et al. found that Finnish white-collar workers doing moderate and vigorous PA were respectively absent, on average, six and five days a year due to short-term sickness absence [13], which represents a very similar figure to those found in the present study for workers with IPAQ high levels of PA (6.5 ± 26.3).  Regarding PA promotion strategies, using sit-stand desks in the workplace do not compromise productivity [27], and could reduce overall cost providing that cost of implemented measures do not surpass produced savings and benefits. 
	Workplace research has mainly focused on occupational and leisure PA, but significant health improvements have also been found with commuting PA in adults [28]. Consequently, PA promotion strategies could embrace a wide range of possibilities regarding the characteristics of the company or institution. 
	Since resistance training usually requires adequate facilities, equipment, monitoring and technical skills, most of the subjects of the sample probably were not exposed to this type of workout. Hence, figures on sickness absenteeism could be even lower than observed if resistance training routines were added to those university employees who have any musculoskeletal disorder. 
Strengths of the current study include using a large sample of university staff,  as well as checking the PA levels through two different validated questionnaires. The fact that both questionnaires were completed in a medical environment may contribute to reliability as subjects might be less prone to overstate their level of PA during a medical check. Finally, our research considered a wide range of possible confounders suggested in other studies such as several chronic illnesses, job role or smoking habits [29]. On the other hand, two of the most critical chronic illnesses among the workforce (i.e. mental health and musculoskeletal pain) were not included in the questionnaire [15]. 
Several limitations have to be taken into consideration for this research. First of all, the cross-sectional nature of the study design, which excludes any possible causal inference. Secondly, since PA and absenteeism due to health reasons were self-reported, there is an inherent risk of reporting bias. Self-reported data might lead to overestimating PA and underestimating measure of absenteeism due to sickness. There is also possibly a selection bias since those volunteering for medical checks might be more health-conscious than other university workers. Further, in the fully adjusted regression model, almost half of the participants did not report data on all included variables.
Although we have mainly focused our study covariates pertaining to metabolic and cardiovascular chronic conditions, there are other potential chronic conditions such as mental or musculoskeletal disorders that might influence the association between physical activity and sickness absence [30]. Similarly, asking participants for the number of cigarettes, instead of solely the smoking status, might have provided more detailed information on the habit to better understand its influence over the association between PA and SA. Another drawback is related to the fact that the PAVS questionnaire short version does not discriminate between high, moderate-intensity PA or resistance training. Therefore, some study subjects reaching between 75 and 149 minutes of weekly PA may have accomplished WHO PA guidelines although this study could not detect this.
Because it was the same group of participants who showed missing values in essential variables such as age, sex and job role, this may be due to preserving anonymity. Although the study population works in a large university, several of the participants declared that there was a possibility to identify them through the information provided in those essential variables. Regarding other variables such as chronic disease, smoking status or physical activity, missing values might be owing to a lack of time, as all of them were placed at the end of the questionnaire. Future research aiming at the same population would need to provide better conditions to complete questionnaires (i.e. digital questionnaire sent to e-mails) in order not to miss too many values.
Whether PA was mainly done in occupational, leisure or commute time and the amount of time devoted to each of them remains unknown. This point makes difficult possible comparisons with other studies, as most of them focus on one of the mentioned periods, and knowing more about possible habits or preferences of the workers would have been desirable to design PA promotion strategies. Because countries and companies usually have their idiosyncrasy regarding workplace policy and organization, a generalisation of results should be made in the light of those specific features. However, in general terms, institutions increasing staff PA time using measures such as climbing stairs instead of using the lift, active commuting to work or meaningful active breaks might reduce SA and its associated costs. Particularly, universities encouraging their sedentary employees to enrol in PA programs during, at least, 75 to 150 minutes of moderate to vigorous PA per week (i.e. 2-3 training sessions) could significantly reduce SA levels.




What is already known about the subject
	Little is known about the influence of PA on sick leave in European countries. 
	Studies have mainly focused on the associations between specific conditions such as musculoskeletal injuries or mental disorders and sick leave.

What this study adds
	Higher levels of PA in white-collar workers showed a significant inverse association with sick leave (β=-0.02;-0.04 to 0.00).  
	50 minutes of weekly PA may reduce a day of sick leave per year. 
	University workers reaching WHO recommended levels of PA may achieve 3 days of annual reduction in health-related absenteeism. 

What impact this may have on practice or policy
	To establish guidelines for designing PA programs aimed at white-collar workers, encouraging companies and institutions to increase staff PA time using measures such as climbing stairs instead of using the lift, active commuting to work, meaningful active breaks or encouraging workers to enrol PA programs developed in or outside the workplace. 
	Increasing the PA of employees can help companies to save money derived from the costs of workplace absenteeism. 
	Vulnerable groups, workers aged 31 to 40 and those employees with chronic diseases such as hypertension or diabetes could benefit the most.  
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Table 1. Participant characteristics
                                                                                       	       PAVS (min)		         Absenteeism (days)
N=1025	  n	(%)	Mean ± SD	P valuea	   n	(%)	Mean ± SD	P valuea
Age				0.00					0.11
  18-30	178	(17)	189.7 ± 131.3		189	(19)	5.4 ± 23.2	
  31-40	144	(14)	131.3 ± 120.3		146	(14)	8.9 ± 33.0	
  41-50	262	(26)	150.2 ± 130.5		250	(24)	10.0 ± 33.8	
  51 or more	274	(27)	179.4 ± 172.7		264	(26)	13.1 ± 38.2	
  Missing	167	(16)	191.7 ± 156.2		176	(17)	6.0 ± 11.7	
Sex				0.00				0.27
  Men	399	(39)	186.8 ± 173.1		394	(38)	8.0 ± 30.7	
  Women	438	(43)	150.8 ± 116.7		438	(43)	10.5 ± 33.9	
  Missing	188	(18)	150.3 ± 133.5		193	(19)	10.5 ± 28.2	
Job role				0.74		0.04
  Academic staff	513	(50)	167.7 ± 140.7		524	(51)	7.3 ± 23.6	
  Service staff	339	(33)	162.6 ± 156.9		330	(32)	13.0 ± 43.6	
  Both	11	(1)	191.8 ± 141.8		10	(1)	14.9 ± 25.3	
  Missing	162	(16)	175.9 ± 129.8		161	(16)	7.0 ± 16.9	
Chronic disease			0.29				0.03
  Yes	210	(21)	157.2 ± 145.3		213	(21)	13.2 ± 37.9	
  No	608	(59)	169.3 ± 143.0		656	(64)	7.9 ± 28.2	
  Missing	297	(20)	168.2 ± 164.7		156	(15)	13.2 ± 46.0	
Smoker			0.86				0.74
  Yes	71	(7)	164.6 ± 150.1		71	(7)	10.5 ± 36.5	
  No	710	(69)	167.7 ± 145.5		709	(69)	9.2 ± 32.6	
  Missing	244	(24)	159.2 ± 146.6		245	(24)	10.1 ± 26.5	
WHO guidelines			0.00				0.00
  Yes	441	(43)	273.5 ± 145.0		409	(40)	6.6 ± 33.7	
  No	482	(47)	68.5 ± 39.4		452	(44)	12.9 ± 32.2	
  Missing	102	(10)	-		164	(16)	2.9 ± 7.0	
IPAQ			0.00				0.00
  Low PA	118	(11)	71.1 ± 112.0		123	(12)	18.8 ± 45.8	
  Moderate PA	283	(28)	121.8 ± 94.8		287	(28)	10.6 ± 32.2	
  High PA	508	(50)	215.6 ± 157.9		506	(49)	6.5 ± 26.3	
  Missing	116	(11)	92.3 ± 79.7		109	(11)	10.0 ± 14.3	






Table 2. Adjusted multiple linear regression showing the associations between workplace absenteeism and PA.
	n	βa	(95% CI)	P value
PAVS crude model	861	-0.02 	(-0.04 to -0.01)	0.00
Model 1b 	755	-0.02 	(-0.04 to 0.00)	0.00
Model 2c 	715	-0.02 	(-0.04 to 0.00)	0.00
Model 3d 	623	-0.02 	(-0.04 to 0.00)	0.02
Model 4e 	558	-0.02	(-0.04 to 0.00)	0.02
CI, confidence intervalPAVS, Physical Activity Vital SignaMultiple linear regressionbPA adjusted by age and sexcPA adjusted by age, sex and job roledPA adjusted by age, sex, job role, smoking habit and chronic diseaseePA adjusted by age, sex, job role, smoking habit, chronic disease and sedentarism














